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(54) Low impedance grid-anode interaction region for an inductive output amplifier 



(57) A linear beam amplification device includes an 
axially centered electron emitting cathode (8) and an an- 
ode (7) spaced therefrom. The cathode (8) provides an 
electron beam in response to a relatively high voltage 
potential defined between the cathode (8) and the an- 
ode (7). A control grid (6) is spaced between the cathode 
(8) and anode (7) for modulating the electron beam in 
accordance with an input signal. A signal input assembly 
of the linear beam amplification device comprises an ax- 
ial input cavity into which the input signal is inductively 
coupled. The grid-cathode region is electrically connect- 
ed to the input cavity. A low impedance grid-anode cav- 



ity is disposed coaxially with the input cavity and is in 
electrical communication with an interaction region de- 
fined between the grid (6) and the anode (7). The tow 
impedance ot the grid-anode cavity is provided by con- 
structing the cavity of a material having a relatively high 
surface resistivity, such as iron. The high surface resis- 
tivity tends to reduce the Q (quality factor) of the grid- 
anode cavity, which also reduces the impedance of the 
grid-anode cavity. Alternatively, the grid-anode cavity 
may be tuned to define a transmission line having an 
electrical length approximately equal to nX74, where X is 
the wavelength of the input RF signal, and n is an even 
integer. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to inductive out- 
put amplifiers having RF modulation applied to an elec- 
tron beam passing through a grid disposed between an 
electron emitting cathode and an anode. More particu- 
larly, the invention relates to a low impedance structure 
that prevents sell-oscillation of the electron beam at a 
frequency determined in part by the resonant frequency 
of the grid-anode interaction region. 

2. Description of Related Art 

[0002] It is well known in the art to utilize a linear beam 
device, such as a klystron or travelling wave tube am- 
plifier, lo generate or amplify a high frequency RF signal. 
Such devices generally include an electron emitting 
cathode and an anode spaced therefrom. The anode in- 
cludes a central aperture, and by applying a high voltage 
potential between the cathode and anode, electrons 
may be drawn from the cathode surface and directed 
into a high power beam that passes through the anode 
aperture. 

[0003] One class of linear beam device, referred to as 
an inductive output amplifier, or inductive output tube 
(IOT), further includes a grid disposed in the inter-elec- 
trode region defined between the cathode and anode. 
The electron beam may thus be density modulated by 
applying an RF signal to the grid relative to the cathode. 
After the density modulated beam is accelerated by the 
anode, it propagates across a gap provided down- 
stream within the inductive output amplifier and RF 
fields are thereby induced into a cavity coupled to the 
gap. The RF fields may then be extracted from the cavity 
in the form of a high power, modulated RF signal. 
[0004] As the modulated electron beam passes 
through the interaction region defined between the grid 
and the anode, the modulated beam will radiate RF en- 
ergy from the interaction region il a high enough imped- 
ance is presented to the modulated beam. Ideally, by 
avoiding reflections of the RF energy and surrounding 
the grid-anode interaction region with "free space," a low 
impedance is presented which minimizes RF radiation 
from the Interaction region. In practice, however, there 
is some leakage of RF radiation from the grid-anode in- 
teraction region which can be harmful to other equip- 
ment and persons in proximity to the device, and can 
couple to the cathode-grid space causing oscillation. To 
prevent such undesirable leakage, the device is ordinar- 
ily enclos d within a metallic housing which effectively 
shields th RF radiation. 

[0005] An unintended consequence of the housing, 
howev r, is that it necessarily forms a cavity connected 
to the grid-anode int raction region. If this grid-anode 



cavity presents a high impedance to the modulated elec- 
tron beam, the beam will radiate RF energy into the grid- 
anode cavity which may be coupled back into the cath- 
ode-grid space. This can cause undesirable regenera- 

s tion of the beam modulation, i.e.. a self-oscillation con- 
dition in which the electron beam is further modulated 
at a frequency determined by the resonant frequencies 
of the cavities. The unwanted modulation of the electron 
beam interferes with the RF signal which is desired to 

to be amplified by the inductive output amplifier, and the 
radiated RF energy reduces the power of the modulated 
beam, which reduces the gain of the amplifier. In ex- 
treme cases, the self-oscillation can generate voltages 
high enough to damage the amplifier. 

is [0006] An approach to overcoming this self-oscillation 
problem is to load the cavity with lossy material in order 
to present a low impedance to the electron beam over 
the band of frequencies at which the inductive output 
amplifier operates. As known in the art, ferrite loaded 

20 silicon rubber material presents a low impedance in the 
UHF and microwave frequency ranges and is capable 
of standing off very high DC voltages on the order of 
several tens of kilowatts. A drawback of the use of such 
lossy material is that it is labor intensive, and hence cost- 

25 |y, to apply the material to the grid-anode interaction re- 
gion. Moreover, the high voltage standoff characteristics 
of the material tend to degrade over time, which reduces 
the performance of the inductive output amplifier. 
[0007] Thus, it would be desirable to provide an in- 

30 ductive output amplifier having a low impedance grid- 
anode interaction region which avoids self -oscillation. It 
would further be desirable to avoid the reliance upon 
lossy ferrite material in reducing the impedance of the 
interaction region. 

35 

SUMMARY OF THE INVENTION 

[0008] In accordance with the teachings of the 
present invention, an inductive output amplifier is pro- 

40 vided which has a low impedance grid-anode interaction 
region. The low impedance is achieved without requiring 
lossy ferrite material as in prior art systems, and serves 
to prevent RF radiation from the interaction region. 
[0009] More particularly, a linear beam amplification 

45 device includes an axially centered electron emitting 
cathode and an anode spaced therefrom. The cathode 
provides an electron beam in response to a relatively 
high voltage potential defined between the cathode and 
the anode. A control grid is spaced between the cathode 

so and anode for modulating the electron beam in accord- 
ance with an input signal. A signal input assembly of the 
linear beam amplification device comprises an axial in- 
put cavity into which the input signal is inductively cou- 
pl d. Th grid is electrically conn ct d to the input cav- 

55 jty. An axially moveable tuning plunger is disposed with- 
in the input cavity with a inductive coupling loop coupled 
to the tuning plunger allowing cooperative movement 
therewith. A low imp dance cavity is disposed coaxially 
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with the input cavity and is in electrical communication 
with an interaction region defined between the grid and 
the anode. The grid-anode cavity and the input cavity 
are separated by a common conductive wall, such that 
the outer wall(or outer conductor of a coaxial transmis- 
sion line) of the input cavity provides the inner wall (or 
center conductor) of the grid-anode cavity. 
[001 0] In a first embodiment of the signal input assem- 
bly, the grid-anode cavity is substantially enclosed by 
an outer wall in which both the common wall and the 
outer wall are comprised of a material having a relatively 
high RF surface resistivity, such as iron. The high RF 
surface resistivity tends to reduce the Q (quality factor) 
of the grid-anode cavity, reducing the impedance of the 
grid-anode cavity The surface of the common wall with- 
in the input cavity may be plated with a coating having 
a relatively low RF surface resistivity, such as silver, so 
that the input cavity has a high Q. The low impedance 
grid-anode cavity would extract only minimal amounts 
of RF energy from the interaction region, resulting in 
negligible gain reduction of the inductive output amplifi- 
er. 

[001 1 ] I n a second embodiment of the signal input as- 
sembly, the grid-anode cavity is provided with an adjust- 
able tuning structure. The tuning structure permits the 
grid-anode cavity to be tuned to define a transmission 
line having an electrical length equivalent to nX/4. where 
>. is the wavelength of the input RF signal, and n is an 
even integer The tuning structure comprises an axially 
movable choke disposed within the grid-anode cavity. 
The choke provides an RF short that conducts RF cur- 
rents while maintaining a large DC voltage between the 
grid and the anode. As a result, the transmission line 
would have zero impedance at the interaction region, 
and would not extract any RF energy from the modulat- 
ed beam. 

[001 2] A more complete understanding of the low im- 
pedance grid-anode interaction region for an inductive 
output amplifier will be afforded to those skilled in the 
art, as well as a realization of additional advantages and 
objects thereof, by a consideration of the following de- 
tailed description of the preferred embodiment. Refer- 
ence will be made to the appended sheets of drawings 
which will tirst be described briefly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 

Fig. 1 is a cross-sectional side view of an inductive 
output amplifier in accordance with aspects of the 
present invention; 

Fig. 2 is a cross -sectional side view of a first em- 
bodiment of a signal input assembly for th induc- 
tive output amplifier; 

Fig. 3 is a cross -sectional side view of a second em- 
bodiment of a signal input assembly for th induc- 
tive output amplifier; 



Fig. 4 is an enlarged cross-sectional side view of 
the inductive output amplifier illustrating the cath- 
ode, grid and anode assemblies; 
Fig. 5 is an end sectional view of the signal input 
5 assembly inductive output amplifier; and 

Fig. 6 is an enlarged cross-sectional side view of a 
cathode capsule coupled to a signal input assembly 
of the present invention. 

10 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0014] The present invention satisfies the need for an 
inductive output amplifier having a low impedance inter- 
ns action region between the grid and the anode. The low 
impedance is achieved without requiring lossy ferrite 
material as in prior art systems, and serves to prevent 
RF radiation from the modulated electron beam to the 
grid-anode interaction region. In the detailed description 
20 that follows, like element numerals are used to describe 
like elements shown in one or more of the figures. 
[0015] Referring first to Fig. 1 , an inductive output am- 
plifier is illustrated. The inductive output amplifier in- 
cludes three major sections, including an electron gun 
2S 20, a drift tube 30, and a collector 40. The electron gun 
20 provides an axially directed electron beam that is 
density modulated by an RF signal. The electron gun 20 
and the circuit used to couple the RF signal to the elec- 
tron gun is described in greater detail below. 
30 [0016] The modulated electron beam passes through 
the drift tube 30, which further comprises a first drift tube 
portion 32 and a second drift tube portion 34. The first 
and second drift tube portions 32, 34 each have an axial 
beam tunnel extending therethrough, and are separated 
35 by a gap. An RF transparent shell 36, such as comprised 
of ceramic materials, encloses the drift tube portions 
and provides a partial vacuum seal for the device. An 
output cavity (not shown) may be coupled to the RF 
transparent shell 36 to permit RF electromagnetic ener- 
40 gy to be extracted from the modulated beam as it' 
traverses the gap. 

[0017] The collector 40 comprises an inner structure 
42 and an outer housing 38. The inner structure 42 has 
an axial opening to permit the spent electron beam to 

45 pass therethrough and be collected after having tra- 
versed the drift tube 30. The inner structure 42 may have 
a voltage applied thereto that is depressed below the 
voltage of the outer housing 38, and these two struc- 
tures may be electrically insulated from one another. As 

so illustrated in Fig. 1 , the inner structure 42 provides a sin- 
gle collector electrode stage. Alternatively, the inner 
structure 42 may comprise a plurality of collector elec- 
trodes, each being depressed to a different collector 
voltage. An example of an inductive output amplifier 

55 having a multistage depressed collector is provided by 
U.S. Patent No. 5,650,751, to R.S. Symons, the subject 
matter of which is incorporated in the entirety by refer- 
ence her in. The collector 40 may further include a ther- 
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mal control system for removing heat from the inner 
structure 42 dissipated by the impinging electrons. 
[0018] The electron gun 20 is shown in greater detail 
in Fig. 4, and includes a cathode 8 with a closely spaced 
control grid 6. The cathode 8 is disposed at the end of 
a cylindrical capsule 23 that includes an internal heater 
coil 25 coupled to a heater voltage source (described 
below). The cathode 8 is structurally supported by a 
housing that includes a cathode terminal plate 1 3, a first 
cylindrical shell 12, and a second cylindrical shell 16. 
The first and second cylindrical shells 12, 16 are com- 
prised of electrically conductive materials, such as cop- 
per, and are axially connected together. The cathode 
terminal plate 1 3 permits electrical connection to the 
cathode 8, as will be further described below. An ion 
pump 15 is coupled to the cathode terminal plate 13, 
and is used to remove positive ions within the electron 
gun 20 that are generated during the process of thermi- 
onic emission of electrons, as known in the art. 
[0019] The control grid 6 is positioned closely adja- 
cent to the surface of the cathode 8, and is coupled to 
a bias voltage source (described betow) to maintain a 
DC bias voltage relative to the cathode 8, and to an RF 
input signal to density modulate the electron beam emit- 
ted from the cathode. The grid 6 may be comprised of 
an electrically conductive, thermally rugged material, 
such as pyrolytic graphite. The grid 6 is physically held 
in place by a grid support 26. The grid support 26 cou- 
ples the bias voltage and RF input signal to the grid 6 
and maintains the grid in a proper position and spacing 
relative to the cathode 8. An example of a grid support 
structure for an inductive output amplifier is provided by 
copending patent application Serial No. 09/017,369, 
filed February 2, 1998, the subject matter of which is 
incorporated in the entirety by reference herein. 
[0020] The grid support 26 is coupled to the cathode 
housing by a cathode grid insulator 1 4 and a grid termi- 
nal plate 18. The insulator 14 is comprised of an elec- 
trically insulating, thermally conductive material, such 
as ceramic, and has a f rusto-conical shape. The grid ter- 
minal plate 18 has an annular shape, and is coupled to 
an end of the cathode-grid insulator 1 4 so that the cath- 
ode capsule 23 extends therethrough. The grid terminal 
plate 18 permits electrical connection to the grid 6, as 
will be further described below. The grid support 26 in- 
cludes a cylindrical extension that is axially coupled to 
the grid terminal ptate 18. The diameter of the cylindrical 
extension of the grid support 26 is greater than a corre- 
sponding diameter of the cathode capsule 23 so as to 
provide a space between the grid 6 and cathode 8 and 
hold off the DC bias voltage defined therebetween. 
[0021] The leading edge of the first drift tube portion 
32 is spaced from the grid structure 26, and provides an 
anode 7 for the lectron gun 20. The first drift tube por- 
tion 32 is held in an axial position relative to the cathode 
8 and grid 6 by an anode t rminal plate 24. The anode 
terminal plate 24 permits electrical connection to the an- 
ode 7, as will be further described below. The anode ter- 



minal plate 24 is coupled to the grid terminal plate 18 by 
an insulator 22 comprisedof an RF transparent material, 
such as ceramic. The insulator 22 provides a portion of 
the vacuum envelope for the inductive output amplifier, 

s and encloses the interaction regbn defined between the 
grid 6 and the anode 7 for which a low impedance struc- 
ture is provided by this invention. The insulator 22 is cov- 
ered by a seal 38 having a corrugated surface to in- 
crease the breakdown voltage path between the grid 6 

io and the anode 7. The seal 38 may be comprised of sil- 
icon rubber material. 

[0022] Referring now to Fig. 2, a first embodiment of 
a signal input assembly for the inductive output amplifier 
is illustrated. The signal input assembly comprises three 

'5 concentric cylinders. An outer cylinder 62 provides an 
external housing for the signal input assembly. An end 
plate 61 closes a first end of the outer cylinder 62. The 
opposite end of the outer cylinder 62 has a curved flange 
63 that is coupled to the anode terminal plate 24 at an 

20 outer peripheral portion thereof. The outer cylinder 62 
is coupled to ground through an insulated lead, as is the 
anode through the anode terminal plate 24. Air inlet and 
exhaust ducts 65, 67 extend through the outer cylinder 
62 to provide a flow of cooling air to the electron gun. 

25 As will be further described below, the outer cylinder 62 
forms a portion of the grid-anode cavity. 
[0023] An intermediate cylinder 64 is spaced within 
the outer cylinder 62 along a common axis with the outer 
cylinder. Annular shaped spacers 71, 73 comprised of 

30 a n on -electrically conductive material, such as ceramic, 
couple the intermediate cylinder 64 to the outer cylinder 
62. A first end of the intermediate cylinder 64 terminates 
before reaching the end plate 61 , leaving a space ther- 
ebetween. The opposite end of the intermediate cylinder 

3S 64 is electrically connected to the grid terminal plate 18 
through a socket 1 9 having a frusto-conical shape. 
[0024] An inner cylinder 66 is spaced within the inter- 
mediate cylinder 64 along the common axis. Annular 
shaped spacers 81. 83 comprised of a non-electrically 

40 conductive material, such as ceramic, couple the inter- 
mediate cylinder 64 to the inner cylinder 66. A first end 
of the inner cylinder 66 terminates at the same axial 
point as the first end of the intermediate cylinder 64. The 
opposite end of the inner cylinder 66 is coupled to the 

45 cathode terminal plate 1 3. 

[0025] A high negative DC voltage, such as -32 kV, is 
applied by a cathode voltage source labelled CATHODE 
to the cathode terminal plate 1 3 through an electrically 
insulated lead. Similarly, current for the cathode heater 

so 25 and the ion pump 1 5 are supplied by sources labelled 
HEATER and ION PUMP, respectively, through corre- 
sponding electrically insulated leads. A DC bias voltage, 
such as -200 V relative to the cathode 8, is applied by 
a voltage source labell d BIAS through an electrically 

ss insulated lead to the inner cylind r 66. 

[0026] Referring briefly to Fig. 6, the coupling be- 
tween the inner cylinder 66 and the cathode terminal 
plate 13 is illustrated in great r detail. A sleeve 67 in- 
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eludes a plurality of conductive fingers 69 at an end 
thereof. The sleeve 67 is comprised of an electrically 
conductive material, such as copper, and further in- 
cludes a dielectric layer 85 wrapped around the periph- 
ery of the sleeve. The sleeve 67 is disposed inside the 
inner cylinder 66 with the dielectric layer 85 in direct con- 
tact with the inner surface of the inner cylinder, and the 
conductive fingers 69 in electrical contact with the edge 
of the cathode terminal plate 13. The dielectric layer 85, 
such as comprised of KAPTON, TEFLON or nylon, op- 
erates as a choke (i.e., DC block or bypass capacitor) 
to provide DC isolation between the cathode terminal 
plate 1 3 and the inner cylinder 66, in order to maintain 
a DC bias voltage between the cathode S and the grid 
6 The sleeve 67 and dielectric layer 85 extend in the 
axial direction away from the cathode 8 by a length equal 
to approximately a/4, where A. is the wavelength of the 
input RF signal in the dielectric layer 85. 
[0027] The conductive fingers 69 have a spring bias 
thi-il maintains a positive electrical conneclion with the 
Crtil iode terminal plate 1 3. The conductive fingers 69 are 
comprised of a flexible, electrically conductive materia!, 
such as copper. The use of the conductive fingers, rath- 
er Ihnn a rigid electrical connection, facilitates simplified 
disassembly of the output amplifier from the signal input 
assombly. It should be appreciated that similar conduc- 
tive fingers may also be utilized to maintain an electrical 
connection between the socket 19 and the grid terminal 
pinto 18, and between the curved flange 63 and the an- 
ode terminal plate 24. shown in Fig 2 
[0028] Returning now to Fig. 2. the intermediate cyl- 
inder 64 and the inner cylinder 66 provide a coaxial 
transmission line which extends to the cathode-grid in- 
teraction rep,ion : and the space between the cylinders 
defines an input cavity for RF input signals provided to 
the inductive output amplifier. The input cavity includes 
a coupling loop 82 disposed within a dome 84 having a 
DC insulating capability, such as comprised of a ceramic 
material tike aluminum oxide (Al 2 0 3 ). The DC insulating 
capability of the dome 84 is necessary to permit the RF 
input signal having approximately zero DC voltage to be 
coupled into the input cavity which is at a high negative 
DC voltage (e.g., -32 kV). The coupling loop 82 is elec- 
trically connected through an insulated coaxial line to 
receive the RF input signal (labelled RF INPUT) which 
is inductively coupled as an RF field into the input cavity. 
The RF fields induced into the input cavity propagate 
through the socket 1 9 and grid terminal plate 1 8 to result 
in an RF voltage being defined between the grid 6 and 
the cathode 8. As known in the art, the electron beam 
emitted by the cathode 8 becomes density modulated 
by the RF input signal applied to the input cavity. 
[0029] The input cavity may be inductively tuned to a 
desired frequency range. An annular shaped shorting 
plunger 68 is coupled to a threaded rod 72, and is 
caused to move axially within the input cavity by opera- 
tion of gears 78 and 77. The gear 77 is coupled to a 
hand crank 79 that protrud s through a portion of the 



outer cylinder 62. The gear 78 has an axially threaded 
bore that is in mesh with the threaded rod 72. The gear 
77 is in mesh with gear 78 such that rotation of the hand 
crank 79 causes rotation of the gear 78, further causing 

5 axial movement of the shorting plunger 68. The shorting 
plunger 68 is comprised of an electrically conductive 
material, such as brass or aluminum, to conduct both 
RF and DC currents between the intermediate cylinder 
64 and the inner cyl inder 66 (i.e. , between the outer con- 

w ductor and center conductor of the coaxial transmission 
line). The threaded rod 72 is comprised of an electrically 
insulating material, such as nylon. A sleeve 75 extends 
axially from the gear 78 to cover the threads of the 
threaded rod 72. It should be appreciated that the posi- 
es tion of the shorting plunger 68 within the input cavity may 
be controlled by other known mechanical systems, in- 
cluding but not limited to motors, belts or pulleys. 
[0030] The coupling loop 82 and dome 84 protrude 
through a portion of the shorting plunger 68 and are 

20 moveable in the axial direction in cooperation with the 
shorting plunger. The dome 84 has an elongated portion 
86 that extends axially past the ends of the intermediate 
and inner cylinders 64, 66. Alternatively, the elongated 
portion 86 may be formed of separate telescoping ele- 

25 rncnts that expand or contract as necessary to accom- 
modate axial movement of the shorting plunger 68. The 
insulated coaxial lead connected to the coupling loop 82 
passes through the elongated portion 86. 
[0031] To move the shorting plunger 68 smoothly 

30 within the input cavity without binding, it may be neces- 
sary to employ a plurality of threaded rods similar to the 
threaded rod 72 shown in Fig. 2. The gear 78 has an 
axially coupled pulley 74 that rotates in cooperation 
therewith. Similarly, a pulley 88 is provided concentri- 

35 cally around the elongated portion 86 of the dome 84. 
As shown in Fig. 5, a plurality of pulleys 74t -74 4 may be 
provided, with each pulley corresponding to an associ- 
ated one of the threaded rods coupled to the shorting 
plunger 68. The pulleys 74 1 -74 4 and 88 may be coupled 

40 by a belt 76 to coordinate operation of the threaded rods. 
The belt 76 may be comprised of a high strength, light 
weight material, such as nylon, and may further include 
a surface texture such as teeth to prevent slippage. An 
additional pulley 1 06 coupled to a pivot arm 1 07 may be 

45 moved into engagement with the belt 76. The additional 
pulley 106 can thereby be adjusted to take up any slack 
in the belt 76. 

[0032] The space defined between the outer cylinder 
62 and the intermediate cylinder 64 is referred to herein 

so as a grid-anode cavity, as it provides a parallel reso- 
nance that is directly coupled to the interaction region 
defined between the grid 6 and the anode 7. In order to 
provide a low impedance to the interaction region, the 
outer cylinder 62 and the intermediate cylinder 64 are 

ss comprised of a material having a high surface resistivity, 
such as iron or steel. The high RF surface resistivity of 
the grid-anode cavity materials produces a parallel res- 
onance having low Q (i.e., quality factor) and conse- 
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quently a low impedance at the grid-anode interaction 
region. As a result, any RF energy radiated into the grid- 
anode cavity will be damped out quickly without regen- 
eration into the cathode 8. 

[0033] It is well known in the art that RF current is con- 
centrated in a relatively small surface region of a con- 
ductor, i.e., the "skin effect" of a conductor. The surface 
resistivity of a material is proportional to the square root 
of its permeability divided by its conductivity Both iron 
and steel are magnetic metals having a relatively high 
permeability value and a low conductivity value; hence, 
these materials have a relatively high surface resistivity. 
The Q of a resonator is the energy stored (U) divided by 
the power dissipated per cycle (P L /o>). The high surface 
resistivity of the grill-anode cavity materials will have 
high relative energy dissipation and therefore low Q. 
Since Q is also proportional to the impedance (Zq), a 
reduction of Q equates to a reduction of impedance. 
[0034] More particularly, the characteristic imped- 
ance Z 0 of a transmission line is given by Ihe equalion. 




where L is the inductance per unit length of a transmis- 
sion line and C is the capacitance per unit length of the 
transmission line. The ratio of the shunt resistance 
(R SH ) to Q for any resonant circuit is given by the equa- 
tion: 

*_SH V% 

Q 2coU 

in which V m is the maximum voltage across the termi- 
nals at which R SH appears, co is the angular frequency, 
and U is the energy stored in the line. For a coaxial res- 
onator having a length that is a multiple n of a quarter 
wavelength (X/4), the ratio of the shunt resistance (R SH ) 
to Q reduces to: 

Q nn 

The Q of a coaxial resonator is proportional to Zo, and 
inversely proportional to the series resistance R s per 
unit length, as follows: 



Accordingly, the high surface resistivity of iron or steel 
at the parallel resonance in the grid-anode cavity should 
result in a low impedance, or shunt r sistance R S h- 
measured at the interaction region. Since the Rs(-/Q is 



inversely proportional to length, it should be appreciated 
that the longer the coaxial resonator, the lower the shunt 
' resistance R SH will be. 
[0035] As noted above, the intermediate cylinder 64 

5 provides both the outer conductor for the input cavity 
and the center conductor for the grid-anode cavity. This 
is made possible by the "skin effect" discussed above. 
Since the current at high frequencies is concentrated in- 
to a thin layer of a conductor, the conductive intermedi- 

io ate cylinder 64 actually acts as a barrier to prevent the 
RF current in the input cavity from being conducted into 
the grid-anode cavity, and vice versa. To preclude dis- 
sipation of the RF current in the input cavity a low sur- 
face resistivity coating is applied to the surfaces of the 

'5 intermediate cylinder 64 and the inner cylinder 66 facing 
into the input cavity. This may be accomplished by plat- 
ing a layer of silver, or other material having high con- 
ductivity and low permeability, onto the surfaces of the 
input cavity. 

20 [0036] Referring now to Fig. 3, a second embodiment 
of a signal input assembly for the inductive output am- 
plifier is illustrated. The second embodiment is generally 
similar in construction to the first embodiment described 
above, and a description of like elements of the two em- 

25 bodimcnts is therefore omitted. The signal input assem- 
bly of the second embodiment differs with the addition 
of an adjustable choke which provides an RF short cir- 
cuit and a DC open circuit within the grid-anode cavity 
to define a transmission line having an electrical length 

30 approximately equal to nA/4, where X is the wavelength 
of the input RF signal, and n is an even integer. By de- 
fining the transmission tine to be an even multiple of a 
quarter wavelength X/4, the impedance at the interac- 
tion region will be zero. 

35 [0037] The choke adjustment comprises a plurality of 
threaded rods 91 extending in an axial direction through 
the grid-anode cavity. The threaded rods 91 are rota- 
tionally supported by a first bearing 89 disposed in spac- 
er 71 and a second bearing 92 affixed to the curved 

40 flange 63. The threaded rods 91 are comprised of an 
electrically insulating material, such as nylon. An angu- 
lar choke assembly is carried by the threaded rods 91, 
and includes an outer electrode portion 93, a dielectric 
portion 94, and an inner electrode portion 95. The outer 

45 electrode portion 93 provides a broad, annular surface 
spaced from the outer cylinder 62. A conductive finger 
1 1 2 extends between the outer electrode portion 93 and 
the outer cylinder 62 to provide an electrical connection 
therebetween. The inner electrode portion 95 includes 

50 a narrow surface that has a conductive finger 111 that 
comes into contact with the intermediate cylinder 64, a 
threaded opening in mesh with the threaded rods 91, 
and a wide surface that engages the dielectric portion 
94. The dielectric portion 94 envelopes the wide surface 

55 of the inner electrode portion 95 and has an annular sur- 
face in contact with the outer electrode portion 93. 
[0038] The di tectric portion 94 provides DC isolation 
between the outer cylinder 62 and the intermediate cyl- 
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inder64 to maintain a large DC voltage between the grid 
6 and the anode 7, and may be comprised of suitable 
dielectric material such as KAPTON, TEFLON, nylon or 
epoxy. At the same time, the dielectric portion 94 also 
provides an RF short circuit for terminating the grid-an- 
ode cavity. By positioning the adjustable choke axially 
within the grid-anode cavity so that it lies on a series 
resonance position coinciding with an even multiple of 
a quarter wavelength A/4 from the interaction region be- 
tween the grid 6 and the anode 7, the impedance at the 
interaction region will be zero and no voltage can be de- 
veloped across it. 

[0039] Axial movement of the choke is provided by 
gears 98 and 97. The gear 97 is coupled to a hand crank 
1 01 that protrudes through a portion of the outer cylinder 
62. The gear 98 is coupled axially to one of the threaded 
rod 91 . The gear 97 is in mesh with gear 98 such that 
rotation of the hand crank 101 causes rotation of the 
gear 98, further causing axial movement of the adjust- 
able choke. As with the shorting plunger 68 discussed 
above, it is necessary to move the adjustable choke 
smoothly within the grid-anode cavity without binding. 
Accordingly, a plurality of threaded rods similar to the 
threaded rod 91 shown in Fig. 3 are employed. The gear 
98 has an axially coupled pulley 96-, that rotates in co- 
operation therewith. 

[0040] As shown in Fig. 5, a plurality of pulleys 96,- 
96 4 may be provided, with each pulley corresponding to 
an associated one of the threaded rods coupled to the 
adjustable choke The pulleys 96-,-96 4 may be coupled 
by a belt 99 to coordinate operation of the threaded rods 
91. The belt 99 may be comprised of a high strength, 
light weight material, such as nylon, and may further in- 
clude a surface texture such as teeth to prevent slip- 
page. An additional pulley 104 coupled to a pivot arm 
105 may be moved into engagement with the belt 99. 
The additional pulley 104 can thereby be adjusted to 
take up any slack in the belt 99. It should be appreciated 
that the position of the adjustable choke within the grid- 
anode cavity may be controlled by other known mechan- 
ical systems, including but not limited to motors, belts 
or pulleys. 

[0041] Alternatively, the high voltage choke may be 
provided by disposing a layer of dielectric material along 
the inner surface of the outer cylinder 62. An axially mov- 
able shorting plunger may be disposed in the grid-anode 
cavity in the same manner as the adjustable choke de- 
scribed above with respect to Fig. 3, although the short- 
ing plunger is comprised of electrically conductive ma- 
terials, such as brass or aluminum, to conduct both RF 
and DC currents between the intermediate cylinder 64 
and the dielectric layer provided on the outer cylinder 
62. This way, the grid-anode cavity may be adjusted to 
define a transmission line having an el ctrical I ngth ap- 
proximately equal to nX/4, where X is the wavelength of 
the input RF signal, and n is an even integer. The layer 
of dielectric material will maintain th large DC voltage 
between th grid 6 and the anod 7. 



[0042] It should also be appreciated that the adjusta- 
ble choke could be moved slightly off the series reso- 
nance position so that the electron beam is presented 
with a small inductive reactance at the axis of the inter- 

s action region. Adjusted in this manner, the RF voltage 
across the interaction region will be 90° out of phase 
with the beam current, so that electrons ahead of the 
electron bunch center will see a decelerating force while 
electrons behind the center of the bunch will see an ac- 

10 celerating force. This adjustment will overcome some of 
the normal debunching space charge forces and will in- 
crease efficiency of the inductive output amplifier. 
[0043] Having thus described a preferred embodi- 
ment of a low impedance grid-anode interaction region 

15 for an inductive output amplifier, it should be apparent 
to those skilled in the art that certain advantages of the 
within described system have been achieved. It should 
also be appreciated that various modifications, adapta- 
tions, and alternative embodiments thereof may be 

20 made within the scope and spirit of the present inven- 
tion. For example, the input cavity and grid-anode cavity 
described above with respect to Figs. 2 and 3 were dis- 
posed in a coaxial configuration; but it should be appre- 
ciated that radially disposed cavities could also be ad- 

2S vantagcously utilized. 

[0044] The invention is further defined by the following 
claims. 



30 Claims 

1. A signal input assembly for a linear beam amplifi- 
cation device having an axially centered electron 
emitting cathode and an anode spaced therefrom, 

35 said cathode providing an electron beam in re- 
sponse to a relatively high voltage potential defined 
between said cathode and anode, a control grid 
spaced between said cathode and anode for mod- 
ulating the electron beam in accordance with an in- 

40 put signal, the signal input assembly comprising: 

an input cavity including means for inductively 
coupling said input signal into said input cavity, 
said grid being coupled to said input cavity; 

45 a moveable tuning plunger disposed within said 

input cavity, said inductive coupling means be- 
ing coupled to said tuning plunger allowing co- 
operative movement therewith; and 
a grid-anode cavity adjacent with said input 

so cavity and in communication with an interaction 

region defined between said grid and said an- 
ode, said grid-anode cavity presenting a rela- 
tively low impedance to said interaction region. 

55 2. The signal input assembly of Claim 1 , wherein said 
grid-anode cavity is comprised of a material having 
a relatively high surface resistivity. 
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3. The signal input assembly of Claim 1 , wherein said 
grid -a node cavity and said input cavity are coaxially 
disposed and separated by a common electrically 
conductive wall. 

4. The signal input assembly of Claim 3, wherein said 
grid-anode cavity is substantially enclosed by an 
outer wall, both said common wall and said outer 
wall being comprised of a material having a relative- 
ly high surface resistivity. 

5. The signal input assembly ol Claim 2, wherein said 
grid-anode cavity material further comprises iron. 

6. The signal input assembly ol Claim 1, wherein said 
cavity is provided with a coating having a relatively 
low surface resistivity. 

7. The signal input assembly ol Claim 6, wherein said 
relatively low surface resistivity coaling further com- 
pi ises silver 

8. The signal input assembly of Claim 1, wherein said 
grid-anode cavity further comprising means for tun- 
ing said grid-anode cavity to define a transmission 
line having an electrical length approximately equal 
to n)J4, where k is the wavelength of said input RF 
signal, and n is an even integer. 

9. The signal input assembly of Claim 8, wherein said 
grid-anode cavity tuning means further comprises 

•a movable choke disposed within said grid-anode 
cavity, said choke being adapted to conduct RF cur- 
rents while maintaining a large DC voltage between 
said grid and said anode. 

10. The signal input assembly of Claim 1, wherein said 
input cavity further comprises a substantially cylin- 
drical shape. 

11. The signal input assembly of Claim 1 , further com- 
prising means for providing an RF transparent vac- 
uum seal within said interaction region between 
said grid and said anode enclosing said beam. 

12. The signal input assembly of Claim 1 1 , wherein said 
means for providing an RF transparent vacuum seal 
further comprises a silicon rubber material substan- 
tially free of RF absorbing constituent elements. 

1 3. A linear beam electron tube having a longitudinal 
axis for use with an inductive output cavity, compris- 
ing: 

an axially centered el ctron emitting cathode 
and an anode spaced therefrom, said cathode 
being coupled to a voltage source providing 
said cathode with a relatively high voltage po- 



tential relative to said anode, said cathode pro- 
viding an electron beam in response to said rel- 
atively high voltage potential; 
a control grid spaced between said cathode 
5 and anode, said grid being connected to an in- 

put RF signal in order to density modulate said 
beam; 

a grid-anode cavity in communication with an 
interaction region defined between said grid 

10 and said anode, said grid-anode cavity being 

comprised of a material having a relatively high 
surface resistivity to attenuate RF resonances 
originating from said interaction region; 
a drift tube spaced from said electron gun and 

15 enclosing said beam and including a first por- 

tion and a second portion, a gap being defined 
between said first and second portions, said 
gap being coupled to said cavity, said density 
modulated beam passing across said gap and 

20 inducing an amplified RF signal into said cavity; 

and 

a collector spaced from said drift tube, the elec- 
trons of said beam passing into said collector 
after transit across said gap. 

25 

14. The linear beam electron tube of Claim 13, further 
comprising an input cavity coupled to said grid, said 
input cavity including means for coupling said input 
RF signal into said input cavity 

30 

15. The linear beam electron tube of Claim 14, wherein 
said grid-anode cavity and said input cavity are co- 
axially disposed and separated by a common wall. 

35 16. The linear beam electron tube of Claim 15, wherein 
said grid-anode cavity is substantially enclosed by 
an outer wall, said common wall and said outer wall 
being comprised of said high surface resistivity ma- 
terial. 

40 

17. The linear beam electron tube of Claim 13, wherein 
said grid-anode cavity material further comprises 
iron. 

45 18. The linear beam electron tube of Claim 14, wherein 
said input cavity is provided with a coating having a 
relatively low surface resistivity. 

19. The linear beam electron tube of Claim 18, wherein 
so said relatively low surface resistivity coating further 

comprises silver. 

20. The linear beam electron tube of Claim 14, wherein 
said input cavity further comprises a substantially 

55 cylindrical shap . 

21. The linear beam el ctron tube of Claim 14, further 
comprising means for tuning resonance of said in- 



35 16. 



40 

17. 



45 18. 
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put cavity. 

22. The linear beam electron tube of Claim 21 , wherein 
said resonance tuning means further comprises a 
moveable plunger disposed within said input cavity. 

23. The linear beam electron tube of Claim 14, wherein 
said coupling means further comprises an inductive 
coupling loop. 

24. The linear beam electron tube of Claim 13, further 
comprising an RF transparent insulator disposed 
within said interaction region and extending be- 
tween said grid and said anode. 

25. The linear beam electron tube of Claim 24, wherein 
said RF transparent insulator further comprises a 
silicon rubber material substantially free "of RF ab- 
sorbing constituent elements. 

26. A linear beam electron tube having a longitudinal 
axis for use with an inductive output cavity, compris- 
ing: 

an axially centered electron emitting cathode 
and an anode spaced therefrom, said cathode 
being coupled to a voltage source providing 
said cathode with a relatively high voltage po- 
tential relative to said anode, said cathode pro- 
viding an electron beam in response to said rel- 
atively high voltage potential; 
a control grid spaced between said cathode 
and anode, said grid being coupled to an input 
RF signal to density modulate said beam; 
a grid-anode cavity in communication with an 
interaction region defined between said grid 
and said anode, said grid-anode cavity further 
comprising means for tuning said grid-anode 
cavity to define a transmission line having an 
electrical length approximately equal to nX/4, 
where X is the wavelength of said input RF sig- 
nal, and n is an even integer; 
a drift tube spaced from said electron gun and 
enclosing said beam and including a first por- 
tion and a second portion, a gap being defined 
between said first and second portions, said 
gap being coupled to said cavity, said density 
modulated beam passing across said gap and 
inducing an amplified RF signal into said cavity; 
and 

a collector spaced from said drift tube, the elec- 
trons of said beam passing into said collector 
after transit across said gap. 

27. The linear beam electron tube of Claim 26, further 
comprising an input cavity including m ans for cou- 
pling said input RF signal into said input cavity. 



28. The linear beam electron tube of Claim 27, wherein 
said grid-anode cavity is coaxially disposed with 
said input cavity, said grid-anode cavity and said in- 
put cavity being separated by a common wall. 

5 

29. The linear beam electron tube of Claim 26, wherein 
said grid-anode cavity tuning means further com- 
prises an adjustable choke disposed within said 
grid-anode cavity, said choke being adapted tocon- 

10 duct RF currents while maintaining a DC bias volt- 
age between said grid and said cathode. 

30. The linear beam electron tube of Claim 27, wherein 
said input cavity is provided with a coating having a 

is relatively low surface resistivity. 

31 . The linear beam electron tube of Claim 30, wherein 
said relatively low surface resistivity coating further 
comprises silver. 

20 

32. The linear beam electron tube of Claim 27, wherein 
said input cavity further comprises a substantially 
cylindrical shape. 

25 33. The linear beam electron tube of Claim 27, further 
comprising means for tuning resonance of said in- 
put cavity. 

34. The linear beam electron tube of Claim 33, wherein 
30 said resonance tuning means further comprises a 

moveable plunger disposed within said input cavity. 

35. The linear beam electron tube of Claim 27, wherein 
said coupling means further comprises an inductive 

35 coupling loop. 

36. The linear beam electron tube of Claim 26, further 
comprising means for providing an RF transparent 
vacuum seal within said interaction region between 

40 said grid and said anode enclosing said beam. 

37. The linear beam electron tube of Claim 36, wherein 
said means for providing an RF transparent vacuum 
seal further comprises a silicon rubber material sub- 

45 stantially free of RF absorbing constituent ele- 
ments. 



50 
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(54) Low impedance grid-anode interaction region for an inductive output amplifier 



ity is disposed coaxially with the input cavity and is in 
electrical communication with an interaction region de- 
fined between the grid (6) and the anode (7). The low 
impedance of the grid-anode cavity is provided by con- 
structing the cavity of a material having a relatively high 
surface resistivity, such as iron. The high surface resis- 
tivity tends to reduce the Q (quality factor) of the grid- 
anode cavity, which also reduces the impedance of the 
grid-anode cavity. Alternatively, the grid-anode cavity 
may be tuned to define a transmission line having an 
electrical length approximately equal to nX/4, where X. is 
the wavelength of the input RF signal, and n is an even 
integer. 




O 

Q. 

ill 



Pmtedby Jouvo, 7S001 PARIS (FR) 

BNSpOClD' <EP _ 0 94802 4A3_I > 



(57) A linear beam amplification device includes an 
axially centered electron emitting cathode (8) and an an- 
ode (7) spaced therefrom. The cathode (8) provides an 
electron beam in response to a relatively high voltage 
potential defined between the cathode (8) and the an- 
ode (7). A control grid (6) is spaced between the cathode 
(8) and anode (7) for modulating the electron beam in 
accordance with an input signal. A signal input assembly 
of the linear beam amplification device comprises an ax- 
ial input cavity into which the input signal is inductively 
coupled. The grid-cathode region is electrically connect- 
ed to the input cavity. A low impedance grid-anode cav- 
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